Introduction
The 'GEODYnamics of South and South-East Asia' (GEODYS-SEA) project ] was initiated in 1991 as a joint EC-ASEAN project, to study the complex geodynamic processes in S.E. Asia. These result from the convergence and collision of the Eurasian, Philippine and Australian plates at relative velocities of up to 10 cm per year. A detailed geological description of the geodynamics of S.E. Asia can be found in e.g. [Rangin et al., 1990] .
Previous investigations in S.E. Asia using GPS for both regional and more localized surveys were mostly restricted to a single national territory. By contrast, the GEODYSSEA project aims to determine the tectonic motions across the entire S.E. Asia region and provides a reference frame into which all detail networks can be fitted. The project was carried out by a large international group of Though a network of continuously operating stations would provide the best results, it is expensive and difficult to operate in remote areas in S.E. Asia. The campaign style observations of the GEODYSSEA project provide a good alternative in this case, although the results have to be carefully interpreted, because they might have been affected by transient site effects, temporal variations and episodic motions. To remove at least partially these effects, and minimize the effects of common errors, almost all points in the GEODYSSEA network were occupied simultaneously and continuously measured for a campaign period of 5 days. To each GPS campaign data set, the available data for 4 stations of the Australian Survey and Land Information Group (AUSLIG) on the Australian plate was added. To facilitate the positioning of the network in a global reference frame, data from 6 stations of the International GPS Service for Geodynamics (IGS) tracking network [Beutler et al., 1994] in the region was included.
Two major observation campaigns were conducted in the course of the project by GFZ and BKG (formerly IfAG), and a third was recently completed in November 1998. Only standardized Trimble 4000 SSE GPS receivers and antennae were employed, though data All analysis centers computed daily fiducial-free network solutions using the ionosphere-free linear combination of GPS phase and pseudorange data. To account for tropospheric effects, the zenith path delay was estimated (continuously or at regular time intervals, depending on the GPS software) for each station. Because different antennae were used in the network, the groups applied antenna phase center corrections of [Rothacher and Mader, 1996] . The datum of the solutions was defined by the combined IGS orbits and the corresponding earth rotation parameters, which were held fixed. Further and more detailed information on the individual analyses can be found in ].
Multi-day averaged coordinate solutions
The daily solutions of each group were combined into multiday averaged solutions for each group with the 3D-Motion software [Noonten et aL, 1993], which eliminated any systematic differences between the various network solutions by computing optimized 7-parameter Helmert transformations using a least squares adjustment. In this process, station solutions identified as outliers with respect to the averaged solution were removed. The preliminary multi-day solutions were compared, so that common and/or individual processing problems could be detected and resolved. Where required, the groups re-processed the GPS data, after which the final multi-day averaged solutions were computed. At this point, an unique opportunity arose to also compare the performance of the various GPS packages.
The daily repeatabilities of the static;n coordinates (Table 1), ranging from 3 to 6.5 mm for the horizontal components and averaging at about 9 mm in the height, provide sufficient evidence that the various solutions are of similar quality. This shows that the internal precision of the GEODYSSEA network is very high, at a level comparable to the IGS global network solutions.
Campaign averaged coordinate solutions
For each campaign, the multi-day averaged solutions from DEOS, ENS, GFZ and BKG were combined with the 3D-Motion software into one 1994, and one 1996 campaign coordinate solution. The campaign solutions were both based on four equally weighted contributions, since the multi-day averaged solutions of each group were of the same quality.
The internal consistency of all contributing individual solutions is 2, 4, 7 mm and 3, 5, 8 mm in the north, east and up components, for the 1994 and 1996 GEODYSSEA campaigns respectively. This result demonstrates the high quality of the computations. Furthermore, it proves the high quality standard and high performance of the four software packages GIPSY, GAMIT, EPOS and BERNESE. However, for an overall quality assessment of the network accuracy, this result may be too optimistic because it does not account for possible biases caused by the commonly used IGS combined orbits, the same IGS station data, and the identical antenna phase center corrections applied by all groups. These biases have to be considered for an overall quality assessment of the network accuracy. The effect of different IGS orbits and the constellation of the IGS stations on the station coordinates has been investigated by [Angermann, 1998 ]. The influence of the IGS orbits on the internal network accuracy is in the order of 1-3 mm, while the effect of different IGS station constellations is 1-2 mm. Taking into account these biases the campaign averaged station coordinates have an accuracy between 4-7 mm for the horizontal component and 1 cm for the height. The final combined 1994 and 1996 coordinate solutions have a higher resolution than their individual contributions, and have been used to obtain a single set of GEODYSSEA station coordinates and derived velocities in a common reference frame.
Combining the campaign solutions in ITRF-96
Although the available time series for the GEODYSSEA network at present only contains two solutions, they are of high quality and cover a time interval of 16.5 months. This is sufficient to obtain an accurate first estimate of the horizontal station velocities in this region. When the final combined solution was corn- Please note that not all groups processed the additional campaign days. Inclusion of these smaller networks in 1996 slightly degraded the repeatability, but this was necessary because a few sites could not be occupied during the offical campaign days. ENS also resolved the phase ambuigities in their solutions, which shows up in the east component of the coordinate repeatabilities. Therefore, these values should not be interpreted as a direct measurement of the performance of each GPS software. puted and distributed among all participants of the project, the In- Table 2 shows the coordinate residuals of the IGS sites for the 1994 and 1996 solution transformations. These coordinate residuals are quite consistent for both campaign solutions and have an Root-Mean-Square (RMS) value of 5 to 10 mm for the horizontal, and 9 to 12 mm for the vertical position. Some slightly higher coordinate differences can be noticed in Table 2 for the IGS sites Kitab and Tidbinbilla, which are located at the edges of the network relatively far away from the dense core of GPS sites. This may be due to the chosen regional-type approach of including only available nearby IGS sites in the local network to transform the network onto ITRF-96. Also, although 2 IGS stations (Taiwan and Tsukuba) are located on or close to possible active deformation zones, their coordinate residuals confirm that their observed motion in between both GEODYSSEA campaigns was aseismic and in agreement with ITRF-96. sites installed by ENS to densify the GEODYSSEA network in this region. When the data of these campaigns becomes available, further verification of the presented geodetic results will take place, and probably also a first good estimate of the vertical motions in this region will be obtained.
